
LA-UR-15-25952
Approved for public release; distribution is unlimited.

Title: Satellites and System Design

Author(s): Tripp, Justin Leonard

Intended for: CCS 7 Group Meeting, 2015-07-15 (Los Alamos, New Mexico, United
States)

Issued: 2015-07-29



Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer,is operated by the Los Alamos National Security, LLC for
the National NuclearSecurity Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396.  By approving this
article, the publisher recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published
form of this contribution, or to allow others to do so, for U.S. Government purposes.  Los Alamos National Laboratory requests that the
publisher identify this article as work performed under the auspices of the U.S. Departmentof Energy.  Los Alamos National Laboratory
strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the
viewpoint of a publication or guarantee its technical correctness.



Satellites and System Design

Justin L. Tripp / CCS - 7

Los Alamos National Laboratory

July 2015



2 / CCS 7

Trident Compiler

�����
�����
�����

�����
�����
�����

����������

����������

Code

Inner LoopSend Inputs

TCC

.c

.c

a.out

cc

VHDL

Board Model

EDIF

BitStream

Synthesizer

Xilinx ISE

Read Results

LLVM front−end Trident IR

Transformation

Scheduling Synthesis

Selection

Trident IR
Bytecode to 

IR to Bytecode

GCC front−end Predication

Hyperblock
Formation

Operation 

Optimizations

Pipelining

Selection
Schedule

Analysis
Resource Datapath

Generation

State Machine
Generation

High Level
Optimizations Register File

Control
Generation

Generation

Final Output

Loop Block

Control Edge

true

true

%b1

%~b1

Boolean

HyperBlock

HyperBlock

Exit

Entry

Control Node

Register

File

Datapath

Machine
State

Block 1

Datapath

Machine
State

Block N

Top Level

Control

Module

Memory Bus

Memory Bus

Control

Unclassified



3 / CCS 7

Cubesat Project

• Approached to work on Prometheus Project (Oct 2012)

• Prometheus is a second generation Cubesat developed at LANL

• They are testing low-cost development and operations

methodologies as well as utility.

• The project had a short deadline, and was to be launched in April

(2013).

• Asked to finish three things:

? Radio Control Interface

? Spartan FPGA programming

? Bitstream Scrubber for Spartan FPGA

Unclassified
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Cubesat

• Several satellites work in a cluster

• Consists of four circuit boards and

a backplane, 1.5U

• Two different antennas to one high

frequency analog radio

• Two digital radio boards for

processing

• Command and Control board

• Sensor and motor control board

• Eight solar panels for 12W total,

6W nominal in the sun

Unclassified
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Launch

• Nov 19th, 8:15pm EST 2013

• 29 satellites released in less

than a hour

• 28 Cubesats of various make

and models

• 300 Miles above earth,

Minotaur 1 rocket

Unclassified
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Results

• All 8 satellites launched and able to talk to ground station.

• Late spin of Analog Radio to improve reliability – plus and minuses

• Late changes had a big impact, cold batteries

• Software has been updated on orbit – new digital radio design

update has also been done on orbit

• Main software development slowly adding other features (in the

last few months)

• Relatively Cheap development, quick deployment, LANL needs

more experience/code for running satellites

Unclassified
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Block II

• Update to design to overcome weaknesses in first effort.

• Double batteries and solar panels, and heater for batteries.

• Spread spectrum communication for the radio (new radio board

design)

• Additional Features: Star Field Sensor, GPS, bigger reaction

wheels, ...

• Increase reliability, ease of deployment and processing.

Unclassified
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Digital Radio II

Newer Family of FPGA, larger SRAM, larger Flash, parallel ADCs

and DACs.

Unclassified
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Block II - Status

• Digital Radio boards being built (this week)

• C&DH is a still a variant of the Digital Radio board

• Power board and backplane are built

• ADCS – controls motors and sensors, in layout

• Analog Radio still under design/layout

• Most boards in layout or close to fabrication.

• Antennas, mechanical design and minor details still under

development.

Unclassified
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Cross Strip
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UDX - Custom RF Generation
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System Design

• What data need to move? Where and when?

• What computation is required? Where and when?

• What can be configured from SW and how?

• What role does any CPU play and what impact will that role have

on the CPU?

• Does it meet the overall goals of the project or task?

Unclassified


